INTRODUCTION
The term 'barley yellow dwarf virus' (BYDV) encompasses a group of variously related isometric viruses of graminaceous plants. They are typical members of the luteovirus group (Shepherd et al., 1976) in being phloem-restricted, and aphid-borne but not sap-transmissible (Rochow & Duffus, 1981) . Investigations of their properties have been restricted by difficulties in purification and low yields (Rochow & Brakke, 1964; Rochow et al., 1971 ; Brakke & Rochow, 1974) . A further problem has been lack of a simple and convenient assay. Recently, however, improved purification procedures that include macerating enzymes have been developed for several luteoviruses (Takanami & Kubo, 1979; Waterhouse & Murant, 1981) . Also, the enzymelinked immunosorbent assay (ELISA) has proved to be a useful direct quantitative assay for monitoring yields of BYDV and other luteoviruses (Casper, 1977; Lister & Rochow, 1979; Rowhani & Stace-Smith, 1979) .
Isolates of BYDV transmitted specifically by Macrosiphum (= Sitobium) avenue Fabr. or Rhopalosiphum padi L. have been defined as MAV and RPV respectively, and an isolate transmitted non-specifically by these vectors has been defined as PAV (Aapola & Rochow, 1971) . Serological tests also discriminate between these isolates (Rochow et al., 1971) , especially when ELISA is used (Rochow & Carmichael, 1979) . We report here on the identification and some properties of a BYDV isolate of the PAV type from Indiana, especially in relation to attempts to improve yields by various methods, using ELISA to monitor results.
METHODS

Virus production and purification
Maintenance of isolates. All comparative studies of yields and purification were done with an isolate from Indiana, Purdue PAV (P-PAV), collected locally as a typical wheat isolate. The authentic PAV isolate (R-PAV) was kindly supplied by W. F. Rochow. These isolates were maintained in oats (Arena sativa L. cv. Clintland 64) grown in the USDA ARS controlled-environment cabinets at Purdue University, set at 18 + 1 °C with a 14 h photoperiod. Viruliferous R. padi raised on the infected oats were transferred every 10 to 14 days to further batches of healthy seedlings at least 10 days old. Authentic RPV and MAV isolates from W. F. Rochow were maintained similarly, by transfer of the appropriate viruliferous aphids (R. padi for RPV and M. avenae for MAV).
Alternative host plants.
Other species and cultivars were tested by infesting them at the one-leaf stage with one to ten viruliferous apterous adults or nymphs of R. padi. The infested plants were maintained in a controlledenvironment chamber as above for about 8 days, then sprayed with Malathion to kill aphids, and kept in the growth chamber or transferred to a glasshouse. This procedure efficiently infected Clintland 64 oat plants. Healthy control plants were maintained in similar conditions.
Plants were grown in a soil-peat mixture at 120 seeds per 50 x 35 x 7.5 cm fiat. Leaves from five-plant samples were harvested at 4-day intervals up to 32 days post:infestation, and sap was extracted for ELISA and frozen until needed. The cultivars tested are listed in Table 1 . Uninfested controls were raised in similar conditions.
Effect of growth stage and temperature. Clintland 64 oats to be infested at different growth stages and/or grown at different temperatures were planted in two sets, 14 days apart, in soil in 8 cm-diam. (6 oz) polystyrene cups (five plants/cup). They were raised in growth chambers at either 12 + 1 °C or 22 + 1 °C, with a 14 h photoperiod. Half of each set of plants was maintained at each temperature. All the plants were infested with two or three viruliferous aphids per plant on the same day, which was at 8 days after planting for one set, and 22 days after planting for the other. Aphids were left on the plants for 6 days before spraying with Malathion. Five replicates of five plants were harvested every 6 days until 30 days post-infestation for each treatment. Roots were washed, and roots and 'shoots' (i.e. the entire above-ground portion) were grouped separately for extraction and ELISA.
ELISA sample preparation and testing. Tissue samples were first pulverized in liquid nitrogen with a mortar and pestle, then reground after adding a small amount of 400-mesh Carborundum and 2 ml of 0.1 M-(K2 H/NaH2)PO4 buffer pH 6.0, per g fresh weight. The resulting brei was then reground after adding 2 ml phosphate-buffered saline (PBS) containing 0.5~ (v/v) Tween 20, pH 7.4 (PBS-Tween) per g fresh weight. The extract was squeezed through cheesecloth and frozen at -20 °C for later ELISA testing. ELISA was by the double antibody sandwich method, essentially as described by Clark & Adams (1977) except that Gilford EIA 'Cuvette-pak' plates were usually used and the substrate reaction (A,os, 'ELISA value') was measured with a Gilford PR-50 EIA processor (Gilford Instrument Laboratories, Oberlin, Ohio, U.S.A.). Coating and conjugated immunoglobulins were each used at 2.5 ~tg/ml. ELISA was also used to monitor virus yields and losses in samples taken at various stages in purification. ELISA values were essentially linear with concentration of purified virus or extracts over the range of dilutions used, and diluting antigen twofold reduced ELISA values about 40 ~. 'Background' reactions to buffer or to healthy plant extracts were negligible (about 0.05). Comparative virus contents as indicated by ELISA were consistent with those indicated by density gradient analysis (see below).
Purification. Bulk lots of infected leaf and stem tissue of Clintland 64 oats were harvested, cut into 2-to 5-cm pieces, and frozen at -20 °C for at least 1 month before use. Except as specified, tissiae was routinely derived from plants used for bulk aphid cultures, maintained in greenhouse or growth chamber conditions for 10 to 45 days after infestation (mostly 10 to 20 days), and from which aphids were removed by shaking and/or washing before use.
Extraction, clarification, and concentration procedures were usually compared by dividing tissue batches equally among two or more concurrent treatments ('split sample' experiments). The enzymes investigated for extraction were ceUulase Onozuka R-10 and macerozyme R-10 (Yakult Biochemicals, Nishinomiya, Japan), Driselase (Kyowa Hakko Kogyo Co., Tokyo, Japan) and cellulase and pectinase (INC Nutritional Biochemicals, Cleveland, Ohio, U.S.A.).
Individual purification treatments and comparisons will be described in Results. Maximum virus yields were obtained as follows: 500 to 1000 g of frozen leaf tissue was homogenized thoroughly in a 4 litre, three-speed Waring blender in a cold room at 4 °C, in 2 ml/g 0.5 M-(K2H/NaH2)PO4 pH 6.0 containing 0.5~ (w/v) Na2SO 3 and 0.01 M-diethyl dithiocarbamate (DIECA) to reduce browning. A mixture of cellulase Onozuka R-10 (2~, w/w of tissue) and pectinase (4~, w/w of tissue), freshly dissolved in approx. 200 ml 0.5 M-phosphate pH 6.0, was then added and homogenization continued for 30 s at high speed at 15-min intervals for 3 to 4 h. The homogenate temperature was maintained at less than 30°C by cooling in ice. Finally, the homogenate was squeezed through cheesecloth, and the filtrate clarified by adding 1/5 vol. of a 2 : 1 mixture of chloroform :n-amy| alcohol, blending at low speed for 30 s and then storing for 30 min at 4 °C. After centrifugation at 7000 rev/min for 10 min in a Sorvall GSA rotor, the aqueous layer was collected by aspiration, made 10 ~ (w/v) with polyetlaylene glycol (PEG) and 0-25 M with NaC1, and the mixture was stirred at 4 °C for 90 min. The precipitate formed was pelleted by centrifugation at 7000 rev/min for 10 min in a Sorvall GSA rotor, and each pellet resuspended in 10 ml 0.1 Mphosphate at pH 6.0 overnight at 4 °C. The solution was then clarified by centrifugation for 10 min at 1000 rev/min in a Sorvall SS-34 rotor. The supernatant was filtered through Kleenex, layered in volumes of approx. 20 ml over a 7 ml per tube 'sucrose pad' of 30 ~ (w/v) sucrose in 0.1 M-phosphate pH 6-0, and centrifuged at 27000 rev/min for 4 h in a Beckman type 30 rotor. Pellets were drained and each resuspended in 1 ml of 0.1 Mphosphate pH 6-0, overnight. Resuspensions were clarified by centrifuging for 10 min at 10000 rev/min in a Sorvall SS-34 rotor, and layered in 1 to 2 ml amounts on sucrose density gradients formed by freezing 10 to 11 ml amounts of 25 ~ (w/v) buffered sucrose at -20 °C in tubes, and allowing them to thaw at 4 °C overnight. Centrifugation was for 2.75 h at 35000 rev/min in a Beckman SW41 rotor. Southern bean mosaic virus (SBMV) was used as a sedimentation standard in some tests (Rochow et al., 1971) . The gradients were fractionated by displacement through a u.v. monitor measuring A2s,, and the virus bands were collected, diluted with an approximately equal volume of 0-1 M-phosphate pH 6.0, and virus pelleted by centrifugation for 4 h at 27000 rev/min in a Beckman type 30 rotor. Final pellets were each resuspended in 1 ml 0.1 M-phosphate pH 6-0, and the preparations were stored frozen.
Identity and comparative properties of the P-PA V isolate
Aphid transmission of purified virus. Artificial feeding transmission tests with R. padi and S. avenae were by standard procedures (Watson, 1972) . The test solutions were (i) a sucrose gradient fraction containing approximately 50 p.g/ml P-PAV, (ii) purified R-PAV mixed with 30% sucrose to approximately 120 gtg/ml virus and (iii) 30% sucrose in 0.1 M-phosphate pH 6.0. After a 20 h acquisition feed through stretched Parafilm 'M' membrane (American Can Co., Greenwich, Conn., U.S.A.) the aphids were confined in groups of two to four to single Clintland 64 oat plants. Five plants were infested with each aphid species fed on each virus solution, and two controls plants were infested with aphids fed on the sucrose solution. The aphids were killed with Malathion after 96 h inoculation access, and plants were maintained in a glasshouse for 30 days, before being extracted for ELISA.
Serological comparisons. Antiserum to P-PAV was made by intradermal injection of purified preparations to rabbits (Lister et al., 1981 ; and in press Centrifugal analysis. Rate zonal (see above) and isopycnic density gradient analysis were by standard procedures. For the latter, gradients were analysed by inspection under a vertical beam of light for light-scattering bands, and by collecting droplets which were tested by ELISA and by refractometry. J. HAMMOND, R. M. LISTER AND J. E. FOSTER SDS-polyacrylaraide gel electrophoresis. Viral coat proteins were prepared and electrophoresed essentially as described by Hammond & Hull (1981) . The mol. wt. standards used were the low mol. wt. range of proteins supplied by Bio-Rad. Mol. wt. was estimated by the method of Hedrick & Smith (1968) .
Electron microscopy. Preparations were negatively stained on carbon-coated formvar-filmed grids with 2% aqueous uranyl acetate. Catalase crystals (Wrigley, 1968) treated similarly were used as a size standard. Grids were photographed at x 46000 in a Philips EM 400 microscope, and measurements were made on projected images at about 10 x magnification.
RESULTS
General properties of the P-PA V isolate Choice of host for virus production
'Virus productivity indices' were calculated from ELISA values for tissue extracts in relation to values for Clintland 64 oat extracts as a standard, and 'tissue productivity indices' were calculated similarly (Table 1 ). Among the hosts tested, virus productivities per unit weight were greatest for the oat cultivars. Cultivars Lang and Illinois 732664 yielded more tissue and had slightly higher virus productivity than Clintland 64. Tissue yields of the wheat and barley cultivars were generally greater than those of the oat cultivars, but virus productivity was lower. Maize tissue yields were very high, but virus productivities generally low, and further experiments showed very uneven distribution of virus in and between plants, suggesting unreliable and non-uniform infection by the infestation procedure.
Effect of growth stage and temperature
ELISA results indicated that in the period up to 30 days post-infestation, overall virus yields from plants 8 days old when infested were lower than those from plants 22 days old when infested (Fig. 1) . Virus yields per unit weight of root were higher than those of shoots at most harvest dates for each treatment, but less root tissue was recovered. Virus yields from roots peaked sooner than yields from shoots, which peaked about 2 or 3 weeks after infestation. Fig. 1 illustrates these characteristics for one experiment, and shows that of the conditions tested the optimum combination for virus yield was infestation approx. 3 weeks after planting, growth at 22 °C, and harvesting 15 to 20 days after infestation. However, preparations made from such tissue with enzyme were more contaminated by non-viral material than preparations from tissue infected when younger (Fig. 2j, l) . Such material was also observed in preparations from tissue infected when young but not harvested until 4 to 6 weeks later. It was much less apparent when no enzymes were used with younger tissue.
Virus extraction
Density gradient analyses of split-sample tissue products indicated that tissue ground in liquid nitrogen before blending in buffer did not yield more than control tissue not ground prior to blending; there was, however, some improvement in clarification (Fig. 2a, b) . Similar analyses indicated that addition of urea to 1 M in 0" 1 M-phosphate pH 7.0 extraction buffer decreased the virus yield to two-thirds of that in control preparations.
In other experiments with split samples, one-half of a tissue homogenate was made 2.5% (w/v) with Triton X-100 (Brakke & Rochow, 1974) , and the mixture was shaken gently for 3 h prior to clarification by low-speed centrifugation. The control half was clarified as usual with a 2:1 chloroform : n-amyl alcohol mixture. Gradient scans indicated that the product from Triton X-100 treatment was of similar purity, but contained about half as much virus as the control product (Fig. 2c, d) .
ELISA results indicated that, of several buffers compared for virus extraction, the most efficient was 0.5 M-phosphate pH 6.0. Some comparisons were also made by density gradient analysis of split-sample preparations; for example, virus yields from tissue extracted in 0-5 Mphosphate buffer pH 6.0 were between 1.1 and 1-3 times those from tissue extracted in 0-1 Mphosphate buffer (Fig. 2e, f) .
Allowing tissue homogenates to soak in extraction buffer for 24 h increased virus yields only very slightly, if at all, but extended blending of the homogenized tissue recovered more virus than when extracts were processed immediately. Blending for 30 s at high speed in the Waring ) and roots (---). Lower part shows fresh weight (FW) in grams of shoots (11) and roots (1~) at each harvest. Fig. 2 . Profiles of sucrose density gradients from split sample preparations made to compare preparative methods for yield and purity of P-PAV. Profiles grouped together represent parallel gradients. Tissue treatments were as follows: (a) ground in liquid N2 before homogenization in buffer; (b) without N 2 treatment; (c) clarified with Trit6n X-100; (d) clarified with chloroform and n-amyl alcohol; (e) extracted in 0-1 M-phosphate pH 6.0; (f) extracted in 0.5 M-phosphate pH 6.0; (g) homogenized once and clarified immediately; (h) homogenized and blended at 15-min intervals to 4 h before clarification; (i) harvested at 19 days post-infection, prepared without en.zyme; (j) as (i) but treated with c¢llulase and pectinase; (k) harvested at 41 days post-infection without enzyme; (1) as (k) but treated with cellulase and pectinase; (m) homogenized and clarified immediately; (n) treated with pectinase, and blended at 15 rain intervals for 3 h prior to clarification; (o) as (n) but with cellulase and pectinase; (p) blended at 15-min intervals to 2.5 h without enzymes; (q) as (p) but with cellulase and pectinase; (r) as (p) but with Driselase. See text for more details.
blender every 15 min for 3 to 4 h resulted in 1.2 to 1-9 times the yield obtained from tissue extracts clarified after one homogenization (Fig. 2g, h ). Additional blending, to 6 or 9 h, did not further improve the yield.
Adding enzymes after initial homogenization and either incubating at 26 °C on a shaker table at 30 oscillations/min or by continuing blending for 3 to 4 h as described above increased yields up to threefold (Fig. 2m, n, o, Table 2 ). Greatest yield increases were with older, more fibrous tissue (Fig. 2 k, 1 ; compare with i, j). The best enzyme combination of those tested was 2~o (w/w of tissue) Onozuka R-10 cellulase with 4~ (w/w of tissue) pectinase, which was superior to Driselase used at 2~o (w/w of tissue) as described by Takanami & Kubo (1979) (Fig. 2q, r) . :~ ICN cellulase. § A parallel preparation using R-10 cellulase plus pectinase yielded a 1.63-fold increase over no-enzyme control. In a second experiment, the yield from Driselase-treated tissue was equal to that from cellulase-and pectinasetreated tissue.
Re-extractions from fibre
The amounts of virus recoverable by rehomogenizing the fibrous material left after squeezing liquid from the homogenized tissue depended on the relative efficiency of the initial extraction. Fibre from tissue homogenized without enzyme and without extended blending usually yielded enough virus to be detected on sucrose gradients, ranging from 0 to 0.66 times that from the original homogenate. In contrast, in many experiments, little or no detectable virus was extracted from the fibrous residue from tissue that had been enzyme-treated or extensively blended, even when fibre was itself blended for extended periods or stored frozen (Fig. 2m, o) .
Clarification and concentration
Making extracts 2-5~ with Triton X-100 clarified them as effectively as chloroform : n-amyl alcohol treatment, but virus yields were approximately halved Fig. 2c, d) . Similarly density gradient analysis showed that adding 1/8 vol. of n-butanol to cheesecloth-filtered homogenates clarified them as effectively as chloroform : n-amyl alcohol treatment, but again the virus yield was approximately halved.
Lowering the pH by addition of 0-1 M-or 1"5 M-acetic acid was also tested for clarification, either before or after clarification with chloroform : n-amyl alcohol. Most virus was precipitated below pH 6.0, especially in unclarified extracts. Acidification was therefore not useful for clarification, but it was also tested for concentrating virus. Virus was completely precipitated from clarified preparations of pH 4.5, and could be recovered by resuspension in neutral buffer, but much less reliably than after precipitation with 10~ PEG and 0.1 M-NaCI. ELISA and density gradient analysis both showed that the proportion of virus recovered from acidified material varied widely, but it was usually tess than that from material treated with PEG. Sometimes no detectable virus was recoverable after acid-precipitation, but PEG-precipitated samples regularly yielded the expected amounts of virus.
For resuspending virus after PEG precipitation, phosphate buffer pH 6.0, at 0.01 to 0-1 M was as efficient as any buffer tested, others including 0.01 to 0.5 M-phosphate at pH 6-0 or pH 7-0, with or without 0-01 M-EDTA or 0-2 M-KCI; 0.1 M-citrate at pH 6.0; 0-1 M-glycine-NaOH at pH 5.0; or Tris-borate at pH 8.3. Adding 1 ~ of Triton X-100, Igepon T-73, or Tween 20 to 0.1 M-phosphate pH 6.0, reduced yields by 75 ~ or more. Conditions for PEG precipitation were examined by adding different amounts of PEG and NaCI to clarified extracts, incubating for 90 min at 4 °C, and measuring the recovery of virus after low-speed centrifugation, by ELISA or density gradient analysis. Best yields were obtained following precipitation with 10 ~ PEG and 0.1 to 0-3 M-NaC1.
PEG precipitation (10 ~ PEG, 0.i M-NaC1) yielded about 50 ~ more virus from clarified sap than did ultracentrifugation. However, PEG treatment of sucrose density gradient fractions resulted in recovery of only about half as much virus as concentrating by high-speed centrifugation. (Frank & Robard, 1975) fitted by eye. The arrow marks estimates for P-PAV mol. wt., which was 24564 by regression analysis and 24300 from the parabolic curve. 
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Applicability of purification procedure to other isolates
The influence of host and environment was not investigated with other isolates of BYDV. Similarly, no detailed comparisons wer-e made of virus yields from comparable tissue, but the extraction and purification procedure developed seemed as effective with them as with P-PAV. It gave a similar range of yields with the bulk tissue samples used (Table 3) and also, reextraction of the fibrous residue yielded less than 10 ~ of the amounts of virus initially extracted. Analyses by sucrose density gradient centrifugation indicated similar purity in virus preparations for each isolate.
Comparative properties of P-PA V and R-PA V
Aphid transmissibility
Purified P-PAV and R-PAV were acquired by R. padi and M. avenae feeding through Parafilm membranes, and were transmitted to Clintland 64 oats. Infections were confirmed by ELISA.
Serological tests
In gel diffusion tests, P-PAV and R-PAV reacted against antiserum to P-PAV (homologous titre = 1/1024), forming precipitin lines that coalesced in appropriate arrangements, indicating antigenic identity.
Centrifugal analysis
A mixture of P-PAV and R-PAV was not resolved in the analytical ultracentrifuge or in sucrose gradients. SBMV sedimented at the same level as P-PAV and R-PAV when run in parallel gradients, indicating that both have s20,~, values of approximately 115S. When centrifuged in CsCI, both viruses were partially degraded, but degradation was not detected in Cs2SO4. Analyses of fractions by refractometry and then by ELISA indicated densities in CsC1 of 1-40 g/ml for P-PAV and 1-405 g/ml for R-PAV, and in Cs2SO4 of 1-335 g/ml for both P-PAV and R-PAV (average of two determinations of each).
SDS-polyacrylamide gel electrophoresis
Ferguson plots (Hedrick & Smith, 1968) of the migration of P-PAV coat protein and the mol. wt. standards did not indicate anomalous migration of P-PAV protein (Fig. 3 a) . A Hedrick & Smith (1968) plot (Fig. 3 b) estimated'the coat protein mol. wt. to be 24 564. Fitting a parabolic curve (Frank & Robard, 1975) gave the very similar mol. wt. estimate of 24300 (Fig. 3b) . The coat protein of R-PAV comigrated with that of P-PAV, and thus also has an apparent mol. wt. of 24400 (+ 200) . These values are similar to those reported by Scalla & Rochow (1977) for the MAV and RPV isolates.
Electron microscopy
Virus preparations were free from visible contamination by electron microscopy. Particles of both the P-PAV and R-PAV isolates were uniform and typically had an angular, hexagonal outline. For each isolate, 25 to 30 particles were measured between faces, on each of six micrographs. The mean diameters, which were 26-4 nm (SD = 0-54) and 25"7 nm (SD = 0"48) for P-PAV and R-PAV respectively, were not significantly different.
Ultraviolet absorbance spectra
Partially purified preparations of P-PAV had u.v. spectra like that of MAV as published by Paliwal (1978) , with maxima at 258 nm and minima at 241 nm. The A26o/A28o ratio was 1-76 (45 preparations; range 1.49 to 2.01), suggesting an RNA content of about 30 ~ (Gibbs & Harrison, 1976) . Partially purified R-PAV preparations had similar maxima and minima, and an average A26o/A28o ratio of 1.77 (nine preparations; range 1.66 to 1.85).
DISCUSSION
The localization of the luteoviruses in the phloem, especially of such fibrous plants as the Gramineae, is an obstacle to purification. But even when extraction has seemed efficient, BYDV yields have still been extremely low. Thus, Rochow et al. (1971) reported typical yields of 20 ~tg, 79 ~tg and 106 ~tg of BYDV per kilogram of infected tissue for the PAV, RPV and MAV isolates respectively, when purification was based on extraction of tissue in a special juice press, followed by re-extraction of the frozen ground fibrous residue. Brakke & Rochow (1974) reported that the initial juice product from such extractions contained about 60~ of extractable virus, and the fibre product about 40~, whereas extraction in a Waring blender left at least three-quarters of the extractable virus in the fibre. Takanami & Kubo (1979) increased yields of two luteoviruses, tobacco necrotic dwarf and potato leaf roll, five-to tenfold by using the macerating enzyme Driselase in extraction, while Waterhouse & Murant (1981) treated only the fibrous residue from extracted leaves with Driselase to increase yields of carrot red leaf virus.
We have shown that, for the P-PAV isolate of BYDV, simply subjecting tissue to successive blendings in a Waring blender can routinely achieve extraction as efficient as by re-extracting the re-frozen fibrous residue, for the blending procedure produced fibre containing essentially no detectable virus. Further increases of virus, up to 1-5-or sometimes 3-0-fold, were obtained by adding macerating enzymes during extraction, but this increase was much less impressive than that reported for other luteoviruses (Takanami & Kubo, 1979) . A combination of endogenous enzyme effects may have been responsible for the increased efficiency of the repeated blending treatment, thus providing a partial substitute for added enzymes. Also, though omission of added macerating enzymes somewhat reduced yields, the product was of greater purity (compare in Fig. 2i and j, k and 1, p and r) .
Use of ELISA to monitor yields simplified the assessment of factors influencing the virus content of source tissue, and confirmed and extended the conclusions of Rochow et al. (1971) regarding the importance of growth conditions and the period of infection of the source plants. Our results also indicate that plants infected when older can yield more virus and that root tissue contains more virus than shoot tissue. ELISA also simplified comparison of the productivities of different host plants and the relative efficiencies of different extraction and resuspension buffers, but not the relative effects of different enzyme treatments, presumably because of some deleterious effects of residual enzyme on ELISA reactions.
The factors influencing productivity and yield of P-PAV were not explored with the other isolates of BYDV, and optimum conditions for producing them may be different. However, in other work in this laborato~, yields of the RPV isolate, as assessed by ELISA in wheat, barley and oat cultivars, showed trends similar to those of the P-PAV isolate (M. Skaria et al., unpublished observations) . Also, the blending procedure seemed about as efficient with RPV or MAV as with P-PAV (Table 3) . For technical reasons our virus preparations were routinely derived from bulk tissue raised for other purposes, and not under the conditions found optimum for P-PAV productivity. It therefore seems likely that yields of BYDV of at least 2 mg/kg of tissue should be easily and routinely obtainable, with choice of appropriate tissue. This is similar to the yields of other luteoviruses as prepared by recently developed methods.
P-PAV seems typical of a type of BYDV commonly found in cereal crops in Indiana (Fargette et al., 1982; Clement et al., 1982; and unpublished observations) . The properties reported here leave no doubt that P-PAV is 'PAV-like' sensu Rochow (e.g. Rochow, 1969) . Further comparisons of its properties with those of other BYDV isolates are in progress.
